Abstract
INTRODUCTION
Pesticides are the most familiar way to control pests. It helps farmers to kill pests that would otherwise reduce the yield obtained from fields. This role of pesticides, on the other hand is accompanied by disutility in the form of health impairment. Due to the high interdependency of farms and farm workers, an impairment of the health status of the farm worker imposes potential negative effect on agricultural production (AJAYI, 2000) . This negative effect may manifest in a lower level of farm production (e.g. through a reduction in the number of farm labour that are available to work at farm). It may also lead to decrease income for the agricultural household (e.g. through a reduction in the output level). Another negative effect is that it may lead to a reduction in the amount of leisure time available for the household (through a reduction in the leisure time available for sick worker or more stress of work for the healthy members of farm household who have to work more and harder to fill in for sick members).
In addition to short term health effects, there is now growing evidence of chronic effects of pesticide use which indeed impose potential negative effects on farm production in future.
Given that labor is the most important factor in agricultural production particularly in developing countries, the use of pesticides therefore lower potential output not only in short run but also in long run through negative impacts on the health of farm workers.
ECONOMIC EVALUATION of HEALTH COST
Like many other environmental goods, economic evaluation of health cost of pesticide use is embarrassed by the practical obstacles because of different value components of human health; market component such as the cost of illness, productivity loss, work days loss (are those on which a person is unable to engage in ordinary gainful employment) and non market component includes like cost of discomfort.
Since it is difficult to integrate market and non-market elements of health cost in a health cost model, evaluations of health costs of pesticides so far have focused on the market components, estimating the costs of illness, work days loss and productivity loss. Different researchers used different approaches include: accounting for farmers' private expenses for the treatment of acute poisoning and the opportunity cost of labour days lost due to illness (AJAYI, 2000; HUANG et al. 2000) which obviously a conservative measure of health cost. Others like (ROLA, 1993) included effects on the productivity of the family labour and estimates of the cost of chronic illnesses based on clinical studies (Hildegard Garming, 2006) . Since economic perspective on health focuses on effects that people are aware of and want to avoid, that is, health effects that would decrease their utility. "Much clinical research focuses on effects of questionable significance to individuals, and measures effects that are difficult to relate to individuals perceptions and behavior" (A.M. Freeman, 2003) .
Keeping in mind that individual's preferences give better/suitable basis for making decisions about changes in welfare, reduction in health effects should be measured according to individual's preferences or willingness to pay. Hence, the contingent valuation method (CV) 2 has been proposed in order to obtain a valuation of health based on the individuals' preferences. As pointed by Richard T. Carson (2000) , CV is a useful tool for benefit-cost analysis and offers potentially valid measure to trace out the distribution of willingness to pay 3 for a population of economic agents for a proposed change in a good. Through benefit-cost analysis, welfare economics, attempts to explain possible change in utility resulting from a minor change in an economic variable. Typically, welfare implications are demonstrated in terms of a change in monetary amount which would need to be taken from or given to the agent to keep the agent's overall level of utility constant (Richard T. Carson, 2000) .Conceptually, the same measure of (Hildegard Garming, 2006) . The answers offered a direct way to trace the demand curve for an environmental good that could not otherwise be seen from the market data (W.M. Hanemann, 1994) .
benefit applies to non-market goods, that is, the maximum amount an individual would pay to avoid losing, or gaining, access to the good (W. Lipton Douglas, 1995) .
THEORETICAL BACKGROUND
Microeconomic theory provides necessary elements to model the decision process of an individual's choice of non-market good. In Contingent Valuation Method, the change in the supply of a non-market good is evaluated with respect to a constant utility for the individuals following the concept of Hicks compensated demand functions. The utility of the farm household (U0) can be expressed as the sum of health (H0) and other goods, summarized as income (Y0). If supply with health is improved to H1, keeping income constant, farmers move to a higher utility level (U1). The value of the change in supply is measured as that amount of income that the farmer is willing to pay (WTP) in order to be indifferent about the change in health i.e. to remain on his initial utility level, conceptually, using an indirect utility framework; the economic valuation construct can then be represented as:
U0 = Y0 + H0+P0 = Y0 -C (WTP) + H1+ P0
Where, for a given individual, U0 is a base level of utility, P0 represents existing prices, Y0 is current income, and H1 is the improved health. WTP is the amount of income a farmer would give up in order to gain improved health, while maintaining a constant level of utility. Also the Willingness to pay is a function of the product attributes, characteristics of the consumer, and other factors thought to influence the choice. To study a small subset of a larger population in which many members of the subset could easily be identified. Area sample/cluster sampling was used to collect data economically. Hence as a sampling strategy, after the selection of study districts, all three tehsils were chosen for survey as the representative area. At least three villages (clusters), from every tehsil were selected in each district to get the pesticide-related information from a sample of pesticide applicators and farmers. In each village, well informed men were hired to make farmer's list in their respective villages. Overall 915 farmers from both the districts, 412 from district Vehari and 503 from district Lodhran were enlisted. A random sample of 400 farmers was drawn with replacement using (RANDOM. ORG, 2008). Respondents were selected in order from the numbers drawn until 318 interviews were successfully completed. The overall response rate (i.e. successful interviews completed) was 80%, including 85% response rate for Lodhran district and 75% response rate for Vehari district.
RESEARCH METHODOLOGY

Sampling and Data Collection
The Statistics of reliability analysis shows a reasonably good reliability value (.70). Hence questionnaire appeared to have good internal consistency. All items appeared to be worthy of retention except health effects. But the change in overall alpha if item is deleted is only.708.
Nevertheless this increase is not dramatic and both values reflect reasonable degree of reliability.
Validity and Reliability Tests of CVM
Since CVM has been criticized for relying on stated preferences instead of observable behavior and controversy, to some extent continues to exist between researchers regarding validity and reliability of CVM, it is important to discuss this issue in present context.
Validity refers to the correspondence between what one wished to measure and what was
actually measured. Reliability refers to the measurement's replicability (Richard T. Carson, 2000) . Both terms can be operationalized in a variety of ways. The ideal way of determining validity is by comparing the measurement made to some criterion measurement known to be correct. Unfortunately, such a criterion to which CVM can be compared does not exist.
Furthermore, no such criterion exists to which any other consumer surplus estimate can be compared, irrespective of the econometric technique used or whether the good is private or public (Gunatilake, 2003) . In such cases, investigators adopt different approaches to determining validity; two common ones are construct validity and convergent validity. Construct validity refers to how well the measurement is predicted by factors that one would expect to be predictive a priori. Convergent validity can be taken only when measurements of the phenomena of interest are available using two different techniques. Two types of reliability have interested CV researchers. One is the chronological/temporal stability of the estimate if two different samples of the sample population are interviewed with the same survey instrument at two different points in time. The other is the classic test-retest reliability where an original sample of respondents is later re-interviewed using the same survey tool.
In practice, as described by Hildegard Garming (2006) that there is consensus among researchers that the reliability of the CV is not an issue of concern; one should stress on the validity of the results for the assessment of the quality of the particular CV studies. For validity of the CV, there are two main types of validity assessments. Content validity refers to the design of the survey instrument. Is the good defined in a way that the correct value can be measured? Are respondents provided with sufficient and plausible information? Is the proposed way of payment acceptable and scenarios plausible? Careful survey design and pre-tests are tools to enhance content validity (Hildegard Garming, 2006) . The theoretical validity test applies the idea that the preferences for environmental (non-market) goods follow the same rules as the preferences for conventional market goods. The valuation should be sensitive to the quantity of the good and WTP should vary with income and attitudes towards the good. Attitudes towards the good, e.g. concerns about pesticide poisoning and experience of illness, as well as budget constraints and risk measures like intensity of pesticide use are expected to have an impact on farmers' valuation of pesticide related health. In addition, study followed NOAA guidelines for good practices in CVM obtained by Portney (1994) .
The design of the questionnaire therefore was guided by the CV guidelines, data requirements for the WTP analysis and the tests on the validity. Table 1 gives a snapshot of the validity criteria used, implementation in the field survey and the methods of assessment of each criterion included. The description of health for the valuation scenario was based on the approach used by Hildegard Garming (2006) . Health was represented as an attribute of a pesticide, which was offered in a hypothetical purchase situation. Garming (2006) In order to increase the farmers' familiarity with the good, for each respondent his most recent used/heavily dependent pesticide was taken as a reference with respect to pest control efficiency.
The price premium, he would be willing to pay for a pesticide with the same characteristics except the health risks of the product, was then established as the WTP for the health attribute.
Other possible descriptions of the good "health" could be included e.g. the willingness to invest in IPM. However, discussions with farmers showed, that most of the farmers were not familiar with IPM; this type of description might not reflect true reference and would have reduced the plausibility of this scenario for the farmers. Thus the most practical description remains chemical pesticides which farmers are very familiar with, rendering the "low toxicity pesticide option" as the most feasible option for the CV survey (Hildegard Garming, 2006) Following standard practice in CVM analyses, the respondents were asked 5 , suppose that you were able to have access to a pesticide that was just as effective as the one(s) you are using now, 
Empirical Model
In many empirical analyses, including this study, WTP takes the form of a multiple response variable that has intrinsic order. As a result, ordered qualitative response models must be used. In this case, the WTP model can be written using a latent variable as follows: WTP* X ß 5 As a standard practice after being informed of the CVM scenario farmer was asked that suppose you were able to have access to a pesticide that was just as effective as the one(s) you are using now, but it did not have any short-or long-term health effects. Thinking about the health effects you now experience with your current use of pesticides, how much would you be willing to pay for the use of the safer pesticide? Please also understand that to pay for this alternative; you would have less money for other items. This amount classified into categories, 1= Not willing to pay, 2= willing to pay from 1 percent up to 5 percent premium, 3= willing to pay up to 6 percent to 10 percent premium, 4= willing to pay up to 11 percent to 20 percent premium, 5= willing to pay over and above 20 percent premium.
Where WTP* is the latent (or unobserved) willingness-to-pay, X is a vector of variables thought to influence willingness-to-pay, ß is a vector of parameters reflecting the relationship between willingness-to-pay and variables in X and is an independently and identically distributed error term with mean zero and variance one. If a farmer's WTP* falls within a certain range, their WTP is assigned a numerical value that reflects the category in which their unobserved willingness-to-pay lies (J. A. L. Cranfield, 2003) .
The probability of a WTP being in one of J finite categories can now be written as:
Where is a cumulative density function (CDF), which measures the probability of WTP.
Two broad choices, the logistic or standard normal density functions, are readily available. An ordered probit model was used. Like all probability models, an ordered probit model allows for calculation of predicted probabilities for each WTP category and marginal effects. When calculated at the means of the data, predicted probabilities indicate the chance of the average farmer being willing-to-pay a premium falling within each of the categorical premium levels. A number of different explanatory variables also included as common practice in the WTP model.
These include household socio-economic characteristics, health-related pesticide exposure.
Attitude or perception towards health risk is expected to be the most important variables determining WTP. Similarly previous experience with pesticide poisoning, the reporting of sign/symptoms related to pesticide application was also important explanatory variable. Personal characteristics of the respondent like income, age and education were also used in the ordered probit model (J. A. L. Cranfield, 2003) . Willing to pay six to ten percent premium 39.8 36.9 42.6 Willing to pay eleven to fifteen percent premium 1.9 2.0 1.8
Data Analysis and Result
Willing to pay sixteen to twenty percent premium 13.2 17.4 9.5
Willing to pay more than twenty percent premium 0.3 0.0 0.6 Total 100 100 100
The zero responses are significantly higher in District Lodhran which was expected since farmers in District Vehari are relatively more educated as well as having higher mean income and higher risk perception. This is also evident from the table 3. The results, therefore, appear logical and consistent with theory and existing literature. The mean willingness to pay appears to be very low, as compared to other studies such as
Hildegard Garming (2006) found that farmers in Nicaragua willing to pay 28% more, the total cost of pesticide. Similarly Leah C. M. Cuyno (1999) found that Philippines farmers were willing to pay 22% of pesticide costs for human health category. This is however not surprising, if taking into account, that the most of the farmers are poor (small-scale farmers), and uneducated.
Age, Gender and Education of the Farmers
All the surveyed farmers were male; this is because usually the spraying operations are done by 
Risk Perception
Perception of a pesticides' health risk is also of interest as this may influence WTP decision by the farmers. According to the study's results, the majority (88%) of farmers believed that they are at health risk while using pesticides. During the interview, farmers were asked to rank the risk. Five categories were presented and scaled as shown in the figure 1. More than half 54%
reported some small risk, 23%, a medium amount of risk, 10% believed that the risk is large and significant, 3% said the risk is very toxic, however 12% believed that there is no risk at all.
It is important to note that pesticides were regarded as very important for successful production.
They also added that they could not grow crops without pesticides. Although many of them believed that spraying pesticide is dangerous but, they said that they have "no other option" at all.
Figure 1: Farmers perception of pesticides risk (%)
Farmers were also asked if they experienced any health impairment during mixing and spraying pesticides or within 24 hours after the pesticide application is finished 7 . Almost 82 percent of farmers said they experienced health impairment after mixing and spraying pesticides. 7 It must be noted that most of the pesticide mixture consist of chemicals which have essentially acute effects. Therefore it is expected that the health symptoms of exposure to these chemicals would be visible within 24 hours time period.
The most common signs 8 and symptom 9 experienced were eye (irritation: 33%), neurological (headaches: 26%, dizziness: 13%), gastrointestinal (vomiting: 9%), respiratory (shortness of breath: 10%), dermal (skin irritation: 33%) and (Fever: 2%) 10 .
Over 34% of the respondents experienced multiple health effects, with an average of 2.6. The maximum numbers of symptom reported were 6. Upon asking sick farmers whether they believed that these symptoms were related to pesticide use, 63% believed this to be true. More than 44 % of them strongly believed that these symptoms were related to pesticide use.
Results of Ordered Probit Model
Since the ordered probit model is non-linear, the estimated coefficients are not marginal effects.
Therefore, coefficient estimates and marginal effects are reported individually. The estimated coefficients of the ordered probit model and the corresponding p-values are shown in Table 6 .
Out of nine explanatory variables, five are significant and have expected signs. Importantly, these variables are theoretically-motivated variables. The Pseudo R2 about (.5167) and the null hypothesis that the estimated coefficients are jointly equal to zero is rejected at the one percent level. Regarding personal/household characteristics, it comes as no surprise that income variable approximated by the sum of all the household expenditures, either in cash or in goods is positively related to WTP. Thus, purchasing power of the farmers is highly significant determinant of WTP. Whereas low income farmers cannot decide freely on environmental friendly or quality pesticides for higher prices. Similarly, the coefficient for education is consistently highly significant to a positive WTP. Continuing with personal/household characteristics, the age of the respondent has no impact on WTP. Contrary to Garming et al, (2006) adoption of Integrated Pest Management practices may not always positively associated with WTP. This is supported by the fact that an individual will be least interested to pay for the good which he/she already has; that is, they already practicing IPM successfully. The training variable carry's same arguments, the farmers who already got training of safe handling of pesticide are less likely to pay more for safer pesticide.
Of the health and exposure-related variable, the reporting of an adverse health experience was positively and significantly associated to a positive WTP. Similarly perception of risk is significantly related to positive willingness to pay. More over results showed that the association between the farmers' risk perception and WTP is very strong. Thus risk perception is the most important determinant for positive WTP. The size of the farm is significant to the positive WTP in present analysis which was very much expected since it can be interpreted as an indicator of wealth. With respect to the different regions, WTP is not significantly different in both the districts.
The predicted probabilities for the five willingness to pay categories are reported in table 7. The reported probabilities indicate the likelihood that on average farmers are willing-to-pay some premium for safe pesticides which possibly improve their health. Differently this can also be explained in terms of income of the farmers. Old farmers are more likely having higher income and more empowered. The "risk perception" variables have negative marginal effects for the first two WTP categories (i.e., the not willing to pay any more and the willing to pay between one and five percent categories), but a positive marginal effect for the other willingness-to-pay categories. Moreover, the marginal effect tends to be very strong for the category "medium amount of risk". Thus the farmers who perceive pesticide a health risk are more likely to be willing to pay premium relative to those who do not perceive pesticides a health hazard.
The pesticide related health effect variable has negative marginal effects for first two categories of WTP but positive marginal effects for other three categories of WTP. These results are analogous to priory expectation since logically, negative health experiences from the pesticides more likely to influence farmer's attitudes to pay higher premium for safe pesticide. The marginal effect of education is negative for the first two categories of WTP; but it is positive for the higher categories of WTP. This suggests that holding, other things same, there is a higher probability of being in lower WTP categories when farmer's education is low compared relative to when farmer's education is higher. Differently, more educated farmers are more likely to pay higher premium for safe pesticide relative to less educated farmers.
The marginal effects of training and IPM variables for the first two categories (i.e., the not willing to pay any more and the willing to pay between one and five percent categories) are positive, such that the farmers who got training of safe handling of pesticide use and farmers who currently practicing IPM are more likely to pay either no premium or up to five percent premium and very less likely willing to pay higher premium for safe pesticides. The income variable shows a similar pattern. The marginal effect for the first two categories of WTP is negative however these effects are positive for other categories. This is because higher income farmers can afford premium. The farm size variable follows same reasoning. This variable is an indicator of individual's wealth which ultimately expands farmer's budget constraints. Thus more the size of farm, the more likely farmer willing to pay premium for safe pesticides. The result is parallel to priory expectation and consistent to theory. Compared to the other studies in literature (Garming et al, 2006, Cuyno; 1999) mean willingness to pay is relatively small. This is not surprising, since most of the farmers are poor (small-scale farmers), and uneducated and cannot afford premium. From the results it is evident that health effects provided motivation for farmers to pay more for practices like IPM that reduce dependence on pesticide use which in turn a strong motivation for policy makers to continue research on IPM and its implementation.
CONCLUSION
